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Air pollution is an important determinant of population health. In this issue of the Journal, Pope et al. 1 provide data that once again reinforce this fundamental concept. In an analysis that correlates reductions in fine particulate matter (i.e., particles less than 2.5 μm in aerodynamic diameter, or PM 2.5 ) in the air with life expectancies , the investigators found that a decrease in the concentration of PM 2.5 of 10 μg per cubic meter is associated with an increase in life expectancy of 0.77 year. Their analysis is based on correlating reductions in particulate air pollution over the past several decades with increases in life expectancy in 217 counties in 51 metropolitan areas in the United States. Although ecologic in nature (i.e., reflecting associations between air pollution and life expectancy at the county rather than the individual level), these results appear to be robust with respect to adjustment for changes in socioeconomic, demographic, and smoking patterns occurring over the same period. The finding is comparable with previous predictions of reductions in life expectancy of 1.11 years in the Netherlands, 2 1.37 years in Finland, 3 and 0.80 year in Canada 4 resulting from increases in ambient PM 2.5 concentrations of 10 μg per cubic meter. However, the strength of the study by Pope et al. resides in its ability to demonstrate an increase in life expectancy resulting from actual reductions in particulate air pollution. This finding provides direct confirmation of the population health benefits of mitigating air pollution and greatly strengthens the foundation of the argument for air-quality management. 5 This work could be extended to take into account quality of life. For example, Coyle et al. 4 estimated that an increase of 10 μg per cubic meter in PM 2.5 concentrations would lead to a quality-adjusted reduction in life expectancy of 0.60 year, as compared with the unadjusted reduction of 0.80 year. The work by Pope et al. represents an important contribution to the large and growing body of evidence linking ambient air pollution with adverse health outcomes. At the global level, the World Health Organization 6 estimates that 1.4% of all deaths and 0.8% of disability-adjusted life-years are the result of particulate air pollution.
The short-term health effects of particulate and gaseous air pollutants have been well documented, largely through time-series studies relating short-term elevations in ambient levels of such pollutants to increases in morbidity and mortality from cardiorespiratory conditions. A recent combined analysis of time-series data from 124 of the largest cities in North America and Europe produced an estimated increase in the rate of death from any cause ranging from 0.2 to 0.6% for an increase in ambient PM 10 concentrations of 10 μg per cubic meter, 7 depending on the assumed lag time between exposure to particulate matter and death and on the method used for seasonality control, the form of the temporal smoothing function, and degree of smoothing. Risk estimates for Europe and the United States were similar but were higher in Canada.
The long-term effects of exposure to "criteria" air pollutants (particulate matter, ozone, sulfates, sulfur dioxide, nitrous oxides, and carbon monoxide) have been documented in large-scale cohort studies, including the Harvard Six Cities Study 8 T h e ne w e ngl a nd jou r na l o f m e dic i ne n engl j med 360;4 nejm.org january 22, 2009
414 Prevention Study II. 9 The American Cancer Society cohort, which includes more than 1.1 million people followed since the time of enrollment in 1980, has provided consistent evidence of an association between increased mortality and ambient air pollution in follow-up analyses through 1989, 10 1998, 11 and 2000 9 ( Table 1) . Further analyses of the data, using refined estimates of exposure to ambient PM 2.5 and follow-up through 2004, are under way. The effects of ambient air pollution on population health can be addressed within the broader context of risk assessment and management. Population-health risk assessment involves the systematic assessment of genetic, environmental, and social determinants of health; identified health risks can be addressed using a combination of regulatory, economic, advisory, community-based, and technological risk-management interventions. 12 Craig et al. 5 recently produced a document on how scientific evidence on the effects of ambient air pollution on population health can be used in developing strategies for air-quality management.
Research priorities for airborne particulate matter have been identified by the National Research Council, and progress toward their achievement was monitored from 1998 through 2004. 13 The goal of the research was to increase scientific understanding of the health effects of particulate air pollution, including the biologic mechanisms by which particulate matter in ambient air can lead to increased mortality in the general population. Recent scientific evidence suggests that increased mortality from cardiopulmonary disease is due to increased formation of atherosclerotic plaque, which in turn is due to the induction of systemic inflammation and oxidative stress mediated by cytokines after inhalation of PM 2.5 . 14 The National Research Council also provided a framework for evaluating the benefits of airquality regulations. 15 Whereas analyses of regulatory benefits are based on predictions of the health benefits resulting from air-pollution control, Pope et al. provide documented evidence of such benefits as a consequence of actual reductions in air-pollution concentrations occurring over the past several decades in the United States. Hedley et al. 16 have attempted to document improvements in population health resulting from reductions in exposure to airborne particulate matter in Hong Kong.
An important component of environmentalhealth risk management is the evaluation of the effect of a particular intervention. 17 Although ambient air-pollution concentrations in the United States and other developed countries have been patterns, body-mass index, physical activity, and access to health services, would be of value both in identifying other factors contributing to the increased life expectancy observed over this period and in confirming the ecologic findings of Pope et al. Consideration of the joint effects of copollutants would also be of interest. 9 In the interim, these investigators have made an important contribution to air-quality management through their pioneering attempts to document the population health benefits of reducing ambient air pollution by correlating past reductions in ambient PM 2.5 concentrations with increased life expectancy.
Dr. Krewski reports serving as Natural Sciences and Engineering Research Council of Canada Industrial Research Chair in Risk Sciences, a university-industry partnership program, at the University of Ottawa, and as chief executive officer and chief risk scientist for Risk Sciences International (http:// demo.risksciencesint.com). No other potential conflict of interest relevant to this article was reported.
From the McLaughlin Center for Population Health Risk Assessment, University of Ottawa, Ottawa.
